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dial up (flat) position. Want of isochronism would also 
cause it to vary its rate considerably as time went on. 
Isochronism is obtained by a careful adjustment of the 
weight of the balance to the motive power ; and by suit¬ 
ing the length, number of coils, and forms of the curves 
at the terminations of the balance-spring to circumstances, 
as may be required. For example, A, Fig. 12, shows the 
contour of the curves which terminate the spring of 
a marine chronometer; B and c, the contours of a 
pocket chronometer spring. It must not be supposed 
that all marine or pocket chronometer springs are alike. 
The correct form is generally arrived at after prolonged 
trial and patient fashioning. 

Technical education has not been neglected in recent 
years by English watch-makers. Indeed, the necessity 



for it has been too keenly felt to allow them to forget it. 
But for a long time there was nobody to help or even to 
advise them. Under such conditions a small party took 
the matter into their own hands, and founded the Horo- 
logical Institute. With very little encouragement they at 
first worked on, but have now the satisfaction of seeing 
their efforts successful to an extent which they could have 
scarcely anticipated. Workshops, science and drawing 
classes are to be found at the Institution ; and examina¬ 
tions, under the auspices of the City and Guilds of London 
Institute, are periodically conducted, and certificates of 
proficiency granted. 

Before concluding we give two diagrams which may be 
of interest. They refer to the subject of secondary com¬ 
pensation, one of them, Fig. 13 (Loseby's), representing 



Fig. T4.—Kullberg’s Balance. 


one of the oldest, and the other, Fig. 14 (Kullberg’s), one 
of the most recent forms of balance for the purpose. It 
will be seen that Loseby’s object was effected by means 
of curved mercurial thermometers—the lower the tempera¬ 
ture the more indirectly the mercury receded from the 
centre, checking the action of the compensation: with 
Kullberg’s the supplementary compensation screws are 
checked directly. 

There have been many improvements in the lever 
escapement. Fig. 15 shows one of the most remarkable. 
In this case the discharging is effected by means of two 
pins in the roller, and the impulse given by means of a 
pin in the lever working into the notch on the roller. The 
effect is that the unlocking takes place at about the line 
of centres, and the impulse is given more advantageously. 


Resilient escapements are those which will enable the 
watch-balance to make several turns in the same direc¬ 
tion without injury to the escapement. They often save 
a breakage in the case of a blow or jerk ; their invention 
is due to Mr. Cole. We ought not to close this article 
without mentioning the fact that the manufacture of the 



duplex escapement, which was at one time reckoned the 
very first, has been completely abandoned. Besides its 
liability to stop, it was found that the wear in the pivot- 
holes made its timing and adjustment exceedingly pre¬ 
carious. 

Henry Dent Gardner. 


THE BRITISH ASSOCIA TION. 

SECTION F. 

ECONOMIC SCIENCE AND STATISTICS. 

Opening Address by Robert Giffen, LL.D., V.P. S.S., 
President of the Section. 

The Recent Rate of Material Progress in England. 

In coming before you on this occasion it has occurred to me 
that a suitable topic in the commercial capital of England, and 
at a time when there are many reasons for looking around us 
and taking stock of what is going on in the industrial world, will 
be whether there has been in recent years a change in the rate 
of material progress in the country as compared with the period 
just before. Some such question is constantly being put by in¬ 
dividuals with regard to their own business. It is often put in 
political discussions as regards the country generally, with some 
vague idea among politicians that prosperity and adversity, good 
harvests and bad, in the most general sense, depend on politics. 
And it must always be of perennial interest. Of late years it 
has become specially interesting, and it still is so, because many 
contend that not only are we not progressing, hut that we are 
absolutely going back in the world, while there are evident signs 
that it is not so easy to read in the usual statistics the evidence 
of undoubted growth as it was just before 1870-73. The general 
idea, in my mind, I have to add, is not quite new. I gave a 
hint of it in Staffordshire last winter, and privately I have done 
something to propagate it so as to lead people to think on what 
is really a most important subject. What I propose now to do 
is to discuss the topic formally and fully, and claim the widest 
attention for it that I possibly can. 

There is much prima facie evidence, then, to begin with, that 
the rate of the accumulation of wealth and the rate of increase 
of material prosperity may not have been so great of late 
years, say during the last ten years, as in the twenty or 
thirty years just before that. Our fair-trade friends have 
all along made a tactical mistake in their arguments. What 
they have attempted to prove is that England lately has not been 
prosperous at all, that we have been going backwards instead of 
advancing, and so on; statements which the simplest appeal to 
statistics was sufficient to disprove. But if they had been more 
moderate in their contentions, and limited themselves to showing 
that the rate of advance, though there was still advance, was 
different from and less than what it was, I for one should have 
been prepared to admit that there was a good deal of statistical 
evidence which seemed to point to that conclusion, as soon as a 
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sufficient interval had elapsed to show that the statistics them¬ 
selves could not be misinterpreted. There has now been ample 
time to allow for minor variations and fluctuations, and the 
statistics can be fairly construed. 

I have to begin by introducing a short table dealing with some 


of the principal statistical facts which are usually appealed to 
as signs of general progress and the reverse, and I propose to 
go over briefly the items in that table and to discuss along with 
them a few broad and notorious facts which cannot conveniently 
be put in the same form. 


Statement as to Production or Consumption of Staple Articles in the United Kingdom in the undermentioned Years , with the Rate 

of Increase in Different Periods compared . 



1855. 

1S65. 

1875. 

1885. 

Ratio of increase per cent. 

1855-63. 

1865-75. 

1875-85- 

Income-tax assessments, million £ . 

30S 

396 

57i 

631 

28 

44 

IO 

Production of coal, million tons . 

64 

98 

132 

159 

S3 

35 

20 

,, pig iron, ,, . 

3 '2 

48 

6' 4 

7 "4 

SO 

33 

l6 

Receipts from railway goods traffic per head of population... 

— 

nr. 1 

1 

2IJ. 2d. 1 

— 

63 

18 

Clearances of shipping in foreign trade, million tons. 

10 

IS 

24 

32 

5° 

60 

33 

Consumption of tea per head, lbs. . 

2'3 

3'3 

4 "4 

S'° 

43 

33 

i3i 

.. sugar, ,, „ . 

30-6 

39 S 

627 

74'3 

3° 

58 

19 


1 These figures are Or 1860-64, 1 870-74, and 1880-84. 


The first figures are those of the income-tax assessments. 
What we find is that if we go back thirty years and compare 
the amount of income-tax assessments in the United Kingdom 
at ten years’ intervals, there appears to be an immense progress 
from 1855 to 1875, the first twenty years, and since 1875 a much 
less progress. The total amount of the assessments themselves, 
stated in millions, was as follows :— 


Millions. 

1855 . £308 

1865 . 396 


Millions. 

1875 . £571 

1885 . 631 


And the rate of growth in the ten-yearly periods which these 
figures show is—between 1855 and 1865, 28 per cent. ; between 
1865 and 1875, 44 per cent. ; and between 1875 and 1885, 10 
per cent. only. 

Making all allowance for changes in the mode of assessment 
by which the lower limit of the tax has been raised, for the 
apparent increase before 1875, which may have been clue to a 
gradual increase of the severity of the collection, and for the 
like disturbing influences, I believe there is no doubt that these 
income-tax assessments correspond fairly well to the change in 
the money value of income and property in the interval. How 
great the change in the rate of increase is, is shown by the simple 
consideration that if the rate of increase in the last ten years, 
instead of being 10 per cent, only, had been 44 per cent., as in 
the ten years just before, the total of the income-tax assess¬ 
ments in 1885, which is actually ^631,000,000, would have been 
^882,000,000 ! Something then has clearly happened in the 
interval to change the rate of increase. 

These figures being those of money values, an obvious explana¬ 
tion is suggested which would account in great part for the 
phenomenon of a diminished rate of increase in such values 
without supposing a reduction of the rate of increase of real 
wealth, of the things represented by the money values, to corre¬ 
spond. This is the fall of prices of which we have heard so 
much of late years, and about which in some form or another 
we shall no doubt hear something at our present meeting. It 
is quite clear that, if prices fall, then income-tax assessments 
must also be affected. The produce of a given area of land, for 
instance, sells for less than it would otherwise sell; there is less 
gross produce, and in proportion there is even less net produce, 
that is, less rent; consequently the net income appearing in the 
Income Tax Schedules is either less than it was or does not 
increase as it did before. The same •‘With mines, with rail¬ 
ways, and with all sorts of business under Schedule D. The 
things themselves may increase as they did before, but as the 
money values do not increase, but diminish, the income-tax 
assessments cannot swell at the former rate. It is the same with 
salaries and other incomes not dependent so directly in appear¬ 
ance on the fall in prices. Salaries and incomes are of course 
related to a given range of prices of commodities, and a fall in 
the prices of commodities implies that the range of salaries and 
incomes is itself lower than it would otherwise be, assuming the 
real relation between the commodities and incomes to be the 


same after the fall in prices as it would have been if there had 
been no fall in prices. Hence the income-tax assessments by 
themselves are not a perfectly good test in a question like the 
present. The change implied may be nominal only, so far 
as the aggregate wealth and prosperity of the community are 
concerned, though of course there can be no great and general 
fall of prices without a considerable redistribution of wealth, 
which must have many important consequences. 

This criticism, however, does not apply to the remaining 
figures in the short table submitted, and to various other well- 
known facts, which we shall now proceed to discuss. 

The production of coal, then, is found to have progressed in 
the last thirty years as the income-tax assessments have done. 
The figures in millions of tons at ten years’ intervals are as 
follows :— 


Million tons. 


Million tons. 


1855 . 64 1875 . 132 

1865 . 98 1885 . 159 


And the rate of growth in the ten-yearly periods which these 
figures show is between 1855 and 1865, 53 per cent. ; between 
1865 and 1875, 35 per cent. ; and between 1875 and 1885, 20 
per cent. only. The rate of growth in the last ten years is much 
less than in the twenty years just before. The percentages 
here, it will be observed, are higher than in the case of the 
income'tax assessments. The increase in the last ten years in 
particular is 20 per cent, as compared with an increase of 10 per 
cent, only in the income-tax assessments. But the direction of 
the movement is in both cases the same. 

I need hardly say, moreover, that coal production has usually 
been considered a good test of general prosperity. Coal is 
specially an instrumental article, the fuel of the machines by 
which our production is carried on. Whatever the explanation 
may be, we have now, therefore, to take account of the fact that 
the rate of increase of the production of coal has been less in the 
last ten years than in the twenty years just before. 

Then with regard to pig-iron, which is also an instrumental 
article, the raw material of that iron which goes to the making 
of the machines of industry, the table shows the following par¬ 
ticulars of production:— 


1855 

1865 


Million tons. 
• • 3*2 

... 4-8 


Million tons. 

187s . 6-4 

1885 . 7 '4 


And the rate of growth which these figures show is between 
1855 and 1865, 50 per cent. ; between 1865 and 1875, 33 per 
cent. ; and between 1873 and 1885, 16 percent, only. Whatever 
the explanation may be, we have thus to take account of a 
diminution of the rate of increase in the production of pig-iron 
much resembling the diminution in the rate of increase of the 
production of coal. 

At the same time the miscellaneous mineral production of the 
United Kingdom has mostly diminished absolutely. On this 
head, not to weary you with figures, 1 have not thought it neces¬ 
sary to insert anything in the above short table ; but I may refer 
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you to the tables put in by the Board of Trade before the Royal 
Commission on Trade Depression, Let me only state very 
briefly that while the average annual amount of copper produced 
from British ores amounted in 1855 to over 20,000 tons, in 1865 
the amount was about 12,000 tons only, in 1875 under 5000 
tons, and in 1885 under 3000 tons. As regards lead, again, 
while the production about 1855 was 65,000 tons, and in 1865 
about 67,000 tons, the amount in 1875 had been reduced to 
58,000 tons, and in 1885 to less than 40,000 tons. In white 
tin there is an improvement up to 1865, but no improvement 
since, and the only set-off, a very partial one, is in zinc, which 
rises steadily from about 3500 tons in 1858, the earliest date for 
which particulars are given, to about 10,000 tons in 1885, con¬ 
siderably higher figures having been touched in 1881-83. 
There is nothing, then, in these figures as to miscellaneous 
mineral production to mitigate the impression of the diminution 
in the rate of increase in the great staples, iron and coal, in 
recent years. 

Agricultural production, it is also notorious, has been at any 
rate no better, or not much better, than stationary for some 
years past, although down to a comparatively recent period a 
steady improvement seemed to be going on. Making all allow¬ 
ance for the change in the character of the cultivation, by which 
the gross produce is diminished, although the net profit is not 
affected to the same extent, and which migb f be held to argue 
no real decline in the rate of general growth if the population, 
diverted from agriculture, were more profitably employed, yet 
the facts, broadly looked at, taken in connexion with the other 
facts stated as to diminished rate of increase in other leading 
industries, seem to confirm the supposition that there may have 
been some diminution in the rate of increase generally. 

It is, unfortunately, impossible to state in a simple manner the 
progress at different dates in the great textile industries of the 
country. Everything as regards these industries is thrown out 
by the disturbance consequent on the American War. It does 
not appear, however, that what has happened as regards the 
main textile industries, cotton and wool, would alter sensibly 
the conclusions above stated, drawn from the facts as to other 
main industries of the country. If we take the consump¬ 
tion of raw materials as the test, it would appear that the 
growth in the cotton manufacture is from a consumption of 
28 lbs. per head in 1855 to about 38 lbs. per head in 1875, while 
in 1885 the consumption is nearly 42 lbs. per head, an increase 
of 4 lbs. per head in the last ten years, against 10 lbs. per head 
in the previous twenty. The percentage of increase in the last 
twenty years must therefore, on the whole, have been less than 
in the previous twenty, although in these twenty years the great 
interruption due to the American Civil War occurred. Of course 
the amount of raw material consumed is not here an absolute 
test. There may be more spinning and weaving now in propor¬ 
tion to the same quantity of raw' material than was formerly the 
case. But the indications are at least not so certain and direct 
as when the consumption of raw material could be confidently 
appealed to. As regards wool the comparison is unfortunately 
very incomplete owing to the defect of data for the earlier years ; 
but what we find is that the amount of wool consumed per head 
of the population of the United Kingdom has in the last ten 
years rather declined than otherwise from nearly 11 lbs. per head 
in the five years 1870-74 to 10 lbs. per head only in the five 
years 1880-84. Here, again, the explanation suggested as to 
cotton—viz. that there may be more spinning and weaving now 
in proportion to the same quantity of raw material than was 
formerly the case—applies. But the answer is also the same, that 
at any rate the indications of progress are no longer as simple as 
they were. The reality of the former rate of advance is not so 
clearly manifest. 

Of course I need hardly add that in the case of another great 
textile, silk, there has been no progress, but the inverse, for 
some years; that this is also true of linen ; and that the 
increase in the allied manufacture, jute, can only be a partial 
set-off. 

In the textiles, then, as in other staple industries of the 
country, the rate of advance in the last ten years, measuring by 
things, and not merely by values, has been less than in the 
twenty years immediately before. 

We pass on, then, to another set of figures included in the 
short table above submitted. We may look not only at leading 
industries of production directly, but at the broad figures of 
certain industries which are usually held to reflect, as in a mirror, 
the progress of the country generally. I refer to the railway 


traffics as regards the home industries of the country, and the 
entries and clearances of shipping in the foreign trade as regards 
our foreign business. 

As regards railways what we find is, if we take the receipts 
from the goods traffic in the form in which they were summarized 
for the Royal Commission on Trade Depression, viz. reduced to 
so much per head of the population on the average of quin¬ 
quennial periods, that in the five years 1860-64, which is as far 
back as the figures can be carried, the receipts per head were 
ns. ; ten years later, viz. in 1870-74, the receipts per head 
were 18^. ; and ten years later, viz. 1880-84, the receipts per 
head were 21s. 2d. The rate of growth shown in the first ten 
years’ interval is 63 per cent. ; in the second ten years’ interval 
it is only 18 per cent. ; and in the last year or two, I may add, 
there has been no further improvement. Here the question of 
the value of money comes in again, but this would only modify 
partially the apparent change. There is also a question as to 
railway extension having been greater in the earlier than in the 
later period, so that growth took place in the earlier period 
because there were railways in many districts where they had not 
been before, and there was no room for a similar expansion in 
the later period. But the difference in the rate of growth it will 
be observed is very great indeed, and this explanation seems 
hardly adequate to account for all the difference. At any rate, 
to repeat a remark already made, the indications are no longer 
so simple as they were. There is something to be explained. 

The figures as to the number of tons of goods carried are not 
in the above table ; nor are such figures very good, so long as 
they are not reduced to show the number of tons conveyed one 
mile. But, quantum valeant , they may be quoted from the 
Board of Trade tables already referred to. The increase, then, 
in minerals conveyed between 1855 and 1865 is from about 40 
million to nearly 80 million tons, or 100 per cent. ; between 
1865 and 1875 * s f rom 8° to about 140 million tons, or 75 per 
cent. ; and in the last ten years it is from 14O to 190 million 
tons only, if quite so much, or about 36 per cent. only. As 
regards general merchandise, again, the progression in the three 
ten-yearly periods is in the first from about 24 to 27 million tons, 
or rather more than 50 per cent. ; in the second from 37 to 63 
million tons, or 70 per cent. ; and in the third from 63 to 73 
million tons, or 16 per cent. only. As far as they go there is 
certainly nothing in these figures to oppose the indications of a 
falling-off in the rate of increase in the general business already 
cited. 

Coming to the movement of shipping in the foreign trade, the 
series of figures we obtain are the following, which relate to 
clearances only, those relating to entries being of course little 
more than duplicate," so that they need not be repeated : 
1855, 10 million tons; 1865, 15 million tons; 1875, 2 4 million 
tons ; 1885, 32 million tons. And the rate of growth thus shown 
is between 1855 and 1865 no less than 50 per cent. ; between 
1865 and 1875 no less than 60 per cent. ; and between 1875 and 
1885 about 33 per cent, only—again a less rate of increase in the 
last ten years than in the period just before. Here, too, it is to 
be noticed, what is unusual in shipping industry, that in the last 
few years the entries and clearances in the foreign trade have 
been practically stationary. The explanation no doubt is in part 
the great multiplication of lines of steamers up to a comparatively 
recent period, causing a remarkable growth of the movement 
while the multiplication of lines was itself in progress, and 
leaving room for less growth afterwards because a new frame- 
; work had been provided within which traffic could grow. But 
here again it is to be remarked that the whole change can 
hardly, perhaps, be explained in this manner, while the remark 
already made again applies, that the fact of explanation being 
required is itself significant. 

The figures of imports and exports might be treated in a 
similar manner, as they necessarily follow the course of the 
leading articles of production and the movements of shipping. 
But we should only by so doing get the figures we have been 
dealing with in another form, and repetition is of course to be 
avoided. 

The short table contains only another set of figures, viz. 
those of the consumption of tea and sugar, which are again 
commonly appealed to as significant of general material progress. 
What we find as regards tea is that the consumption per head 
rises between 1855 and 1865 from 2’3 to 3*3 lbs., or 43 per 
cent. ; between 1865 and 1875 from 3*3 to 4^4 lbs., or 33 per 
cent. ; and between 1875 an< ^ *885 from 4*4 to 5 lbs., or 13J 
per cent. In sugar the progression is in the first period from 
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30'6 to 39*8 lbs. per head, or 30 per cent. ; in the second period 
from 39*8 to 627 lbs., or 5.8 per cent. ; and in the third period 
from 627 to 74*3 lbs., or 19 per cent. only. In the last ten 
years in both cases the rate of increase is less than in the twenty 
years before. 

These facts, I need hardly say, would be strengthened by a 
reference to the consumption of spirits and beer, the decline in 
the former being especially notorious. In tobacco again in the 
last ten years there has been no increase of the consumption per 
head; which contrasts with a rapid increase in the period just 
before—viz. from about 1*31 lb. per head in 1865 to 1*46 lb. 
per head in 1875. 

No doubt the observation here applies that the utmost pro¬ 
sperity would obviously be consistent with a slower rate of in¬ 
crease per head from period to period in the consumption of 
these articles, and with, in the end, a cessation of the rate of 
increase altogether. The consumption of some articles may 
attain a comparatively stationary state, the increased resources of 
the community being devoted to new articles. But here, again, 
we have to observe the necessity for explanation. The indica¬ 
tions are no longer so sure and obvious in all directions as they 
were. 

It is difficult, indeed, to resist the impression made when we 
put all the facts together, leaving out of sight for a moment those 
of values only. We are able to affirm positively— -{a) That the 
production of coal, iron, and other staple articles has been at a 
less rate in the last ten years than formerly; ( b ) that this has 
taken place when agricultural production has been notoriously 
stationary, and when the production of other articles such as 
copper, lead, &c., has positively diminished ; (e) that there has 
been a similar falling-off in the rate of advance in the great 
textile industries ; ( d) that the receipts from railway traffic and 
the figures of shipping in the foreign trade show a corresponding 
slackening in the rate of increase in the business movement; and 
(e) that the figures as to consumption of leading articles, such as 
tea, sugar, spirits, and tobacco, in showing a similar decline in the 
rate of increase, and, in some cases, a diminution, are at least 
not in contradiction with the other facts stated, although it 
may be allowed that there was no antecedent reason to expect 
an indefinite continuance of a former rate of increase. 

From these facts, however we may qualify them—and many 
qualifications have already been suggested, while others could be 
added—it seems tolerably safe to draw the conclusion that there 
has probably been a falling-off in the rate of material increase 
generally. The income-tax assessment figures, though they 
could not be taken by themselves in such a question, are, at 
least, not in contradiction, and there is nothing the other way 
when we deal with these main figures only. I should not put 
the conclusion, however, as more than highly probable. Some 
general explanation of the facts may be possible on the hypo¬ 
thesis that there is no real decline in the rate of growth gener¬ 
ally at all ; that the usual signs for various reasons have become 
more difficult to read ; that owing to the advance already made 
the real growth of the country and, to some extent, of other 
countries, has taken anew direction ; and that the utmost caution 
must be used in forming final conclusions on the subject. But 
the conclusion of a check having occurred to the former rate of 
growth rr.ay be assnmed meanwhile for the purposes of discus¬ 
sion. The attempted explanation of the causes of change, on 
the hypothesis that there is a real change, may help to throw 
light on the question of the reality of the change itself. 

Various explanations are suggested, then, not only for a de¬ 
cline in the rate < f our progress, but for actual retrogression. 
Let us look at the principal of these explanations in their order, 
and see whether they can account for the facts : either for actual 
retrogression, or for a decline in the general rate of material 
growth equal to what some of the particular facts above cited, if 
they were significant of a general change in the rate of growth, 
imply— a decline, say, from a rate of growth amounting to 40 
per cent, in ten years to one of 20 per cent, only in the same 
period. 

One of the most common explanations, then, as we all know, 
is foreign competition. The explanation has been discredited 
because of the. exaggeration of the alleged evil to be explained ; 
but it may possibly be a good enough explanation of the actual 
facts when they are looked at in a proper way. In this light, 
then, the assertion as to foreign competition would be found to 
mean that foreigners are taking away from us some business we 
should otherwise have had, and that, consequently, although 
our business on the whole increases from year to year, it does 


not increase so fast as when foreign competition was less. Those 
who talk most about foreign competition have actually in their 
mind the unfair element in that competition, the stimulus which 
the Governments of some foreign countries give or attempt to 
give to particular industries by means, on the one hand, of high 
tariffs keeping out the goods we should otherwise send to such 
countries, and giving their home industry of the same kind a 
monopoly which sometimes enables them to produce a surplus 
they can sell ruinously cheap abroad ; and by means, on the 
other hand, of direct bounties which enable certain industries to 
compete in the home market of the United Kingdom itself, as 
well as in foreign markets. But there is a natural foreign 
competition as well as a stimulated foreign competition to be 
considered, and it may be the more formidable of the two. 

Dealing first with the stimulated competition, the most obvious 
criticism on this alleged explanation of the recent decline in the 
rate of increase of our material progress is that the stimulus 
given by foreign Governments in recent years has not been in¬ 
creasing, or at any rate not materially increasing, so as to account 
for the change in question. People forget very quickly ; other¬ 
wise it would not be lost sight of that after i860, as far as 
European nations are concerned, there was a great reduction of 
tariff duties—a change, therefore, in the contrary direction to 
that stimulus which is alleged to have lately caused a change in 
the rate of our own development. Since about five or six years 
ago the movement on the Continent seems again to have been 
in the direction of higher tariffs. France, Italy, Austria, Ger¬ 
many, and Russia have all shown protectionist leanings of a 
more or less pronounced kind. Some of our colonies, especially 
Canada, have moved in the same direction. But, on the whole,, 
these causes as yet have been too newly in operation to affect 
our industry on a large scale. As a matter of fact, with one 
exception to be presently noticed, the period from i860 to 1880 
was one in which the effect of the operation of foreign Govern¬ 
ments in regard to their tariffs could not be to stimulate addi¬ 
tional competition of an injurious kind with us in the way above 
described, but to take away, if anything, from the stimulus pre¬ 
viously given. The changes quhe lately brought into operation, 
if big enough, and if really having the effects supposed, might 
stimulate foreign competition in the way described in the period 
now commencing ; but, as an explanation of the past facts, 
it is impossible to urge that foreign competition had recently 
been more stimulated by additions to tariffs than before, and 
that in consequence of this stimulus our own rate of advan.e 
had been checked. 

The one exception to notice is the United States. Imme¬ 
diately after i860 the civil war in that country broke out, and 
that war brought with it the adoption of a very high tariff. 
Curiously enough, however, that tariff operated most against us 
in the very years, that is, the years before 1875, in which oui 
rate of advance was greater to all appearance than it has lately 
been. In 1883 there was a great revision of the tariff, having 
for its general result a slight lowering and not an enhancement 
of the tariff, and it is with this reduction, that is, with a diminu¬ 
tion of the alleged adverse stimulus, that the diminution in oui 
own rate of advance has occurred. 

Of course the explanation may be that, although Govern¬ 
ments have not themselves been active till quite lately in adding 
to their tariffs, yet circumstances have occurred to make the 
former tariffs more injurious in recent years than they were down 
to 1875. For instance, it may be said that, owing to the fall of 
prices in recent years, the burden of specific duties has become 
higher than it was. The duty is nominally unchanged, but by 
the fall of prices its proportion to the value of the article has 
become higher. This is no doubt the case to a large extent. 
On the other hand, ad valorem duties have been lowered in pre¬ 
cisely the same way. The fall of prices has brought with it 
a reduction of duty ; and especially on articles of English manu¬ 
facture, where the raw material is obtained from abroad, the 
reduction of duty, being applicable to the whole price,, must 
certainly have had for effect to render more effective than before 
the competition of the English manufacturer. Whether on the 
whole the reduction of ad valorem duties consequent on the fall 
of prices lias been sufficient throughout the range of our foreign 
trade to compensate the virtual increase of the weight of specific 
duties from the same cause seems to be a nice question. This 
being the case, it must be very difficult indeed to show that on 
the whole the weight of foreign tariffs, apart from the action of 
foreign Governments, has been increased in recent years so as 
to affect our own growth injuriously. 
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Foreign tariffs, it may be said, have become more effective 
for another reason. Manufacturing industry having itself deve¬ 
loped abroad, the same amount of protection given to the foreign 
industry becomes more efficient than it was. But this, of course, 
raises the question of the effect of natural foreign competition, 
Which will presently be discussed. 

So much for the stimulus to foreign competition due to high 
tariffs. With regard to bounties, very little need be said. They 
have been the subject of much discussion and agitation for various 
reasons, and in what I have to say I propose not to touch on the 
practical question whether the e bounties are injurious, and the 
nature of the political remedies that may or may not be possible. 
I limit myself strictly to the point, how far any effect which such 
bounties can have had would account for a diminution in the rate 
of material growth of the country generally in the last ten years 
as compared with the ten years just before. Dealing with the 
question in this strictly limited fashion, what I have to observe 
first is, that hitherto very few bounties have been complained of, 
except those on sugar production and refining ; and next, that 
the whole industries of sugar production and refining, important 
as they are in themselves, hardly count in a question of the 
general history of the United Kingdom. Even if we refined all 
the sugar consumed in the United Kingdom and the maximum 
amount we have ever exported, the whole income from this 
source, the whole margin, would not exceed about £2,000,000 
annually, not one six-hundredth part of the income of the people 
of the United Kingdom ; and of this ,£2,000,000 at the worse 
we only lose a portion by foreign competition, while all that is 
really lost, it must be remembered, is not the whole income 
which would have been gained if a certain portion of our labour 
and capital had been employed in sugar refining, but only the 
difference between that income and the income obtained by the 
employment of the same labour and capital in other directions. 
The loss to the Empire may be greater, because our colonies are 
concerned in sugar production to the extent at present prices, of 
£*5,000,000 to £6,000,000 annually, which would probably be 
somewhat larger but for foreign competition. But it does not 
seem at all certain that this figure would be increased if foreign 
bounties were taken away, while in any case the amounts in¬ 
volved are too small to raise any question of foreign bounties 
having checked the rate of growth of the general industry of the 
country. 

Per contra , of course, the extra cheapness of sugar, alleged to 
be due to the bounties, must have been so great an advantage 
to the people of the United Kingdom, saving them perhaps 
£2,000,000 to £3,000,000 per annum, that the stimulus thereby 
given to other industries must apparently have far more than 
•compensated any loss caused by the stimulus of foreign bounties 
to sugar production and refining abroad. But to enlarge on this 
point would involve the introduction of controver ial matter, 
which I am anxious to avoid. I am content to show that nothing 
that can have resulted from sugar bounties could have affected 
seriously the general rate of material growth in the country. 1 

Mulatis mutandis , the same remarks apply to other foreign 
bounties, of which indeed the only ones that have been at all 
beard of are those on shipping. But as yet, at least, the increase 
of foreign shipping has not been such as to come into comparison 
with our own increase, while the portion of the increase that can 
be connected with the operation of bounties is very small. It 
would be useless to enter into figures on so small a point; but 
few figures are so well known or accessible as those relating to 
shipping. 

In neither way, then, does there appear to be anything in the 
assertion that the protectionist action of foreign Governments in 
recent years can have caused the check alleged to the rate of 
growth in our industry generally, assuming such a check to have 
occurred. I may be dispensed, therefore, from entering on the 
theoretical argument, which I only notice pour memoire , that in 
the nature of things no enhancement of foreign tariffs and no 
grants of foreign bounties could really check our own rate of 
growth, except by checking foreign growth still more, which is 
not the case we are considering, because the allegation is that 
foreign competition is increasing at our expense. That I do not 
insist on this argument is not to be considered as a sign that it 
is dropped or that I am not fully sensible of its logical complete¬ 
ness. It seems enough, at present, to fortify it by considerations 
from actual practical facts whicli no one can dispute. 

The question of an increase of foreign competition from natural 

1 See Appendix to “First Report of Roya! Commission on Trade Depres¬ 
sion, ” p. 130. 


causes is more difficult. It is beyond all question, as I have 
pointed out elsewhere, that foreign competition in every direc¬ 
tion from natural causes must continue to increase, and that it 
has increased greatly in recent years. But when the facts are 
examined, it does not appear that this competition has been the 
cause of a check to our own rate of growth. One of the facts 
most commonly dwelt upon in this connexion is the great 
increase of the imports of foreign manufactured articles into the 
United Kingdom. But the increase in the last ten years is not 
more than about £18,000,000, taking the facts as recorded in 
what is known as Mr. Ritchie’s Return, viz. from about 
£37,000,000 in the quinquennial period 1870-74 to £55,000,000 
in the quinquennial period 18S0-84, or about 50 per cent. Out 
of £18, odd, 000 increased imports of such articles it is fair to 
allow that at least one-half, if not more, is the value of raw 
material which we should have had to import in any case; so 
that only £9,000,000 represents the value of English labour dis¬ 
placed by these increased imports. Even the whole of this 
£9,000,000 of course is not lost, only the difference between it 
and the sum which the capital and labour “ displaced ” earns in 
some other employment, which may possibly even be a plus and 
not a minus difference. If we add articles “partly manufac¬ 
tured ” no difference would be made, for the increase here is 
only from £26,000,000 to £28,000,000 in the ten years. Such 
differences, it need not be said, hardly count in the general 
total of the industry of the country. Further, the rate of 
increase of these imports was just as great in the period when 
our own rate of growth was greater, as in the last ten years, the 
increase in manufactured articles between 1860-64 and 1870-74 
being £19,000,000, viz. from £18,000,000 to £37,000,000, or 
over 100 per cent, as compared with 50 per cent, only in the 
last ten years, and in articles partly manufactured from 
£17,000,000 to £26,000,000, an increase of £9,000,000 as com¬ 
pared with an increase of £2,000,000 only in the last ten years. 
Making all allowance for the fall in prices in recent years, these 
figures will sho -v a greater relative increase of imports of manu¬ 
factured articles before 1875 than afterwards. It cannot, there¬ 
fore, be the increased import of foreign manufactures which has 
caused the check to our own growth in the last ten years. 

But foreigners, it is said, exclude us from their own markets 
and compete with us in foreign markets. Here again, however, 
we find that any check which may have occurred to our foreign 
export trade is itself so small that its effect on the general growth 
of the country would be almost nil. Take it that the check is 
as great as the diminution in the rate of increase in the move¬ 
ments of shipping, viz. from an increase of 55 per cent, to one 
of 33 per cent, only, that is, broadly speaking, a diminution of 
one-third in the rate of increase of our foreign trade, whatever 
that rate may have been. Assuming that rate to have been the 
same as the rate of increase in the movements of shipping itself, 
the change would be from a rate of increase equal to one-half in 
ten years to a rate of increase equal to about one-third only. 
Applying these proportions to the exports of British and Irish 
produce and manufactures, which represent the productive 
energy of the country devoted to working for foreign exchange, 
and assuming that ten years ago the value of British labour and 
industry in the produce and manufactures we exported, due 
deduction being made for the raw material previously imported, 
was about £140,000,000 (see my “Essays in Finance,” first 
series), then it would appear that if the same range of values 
had continued, the check to the growth of this trade would 
have been such that at the end of ten years the British labour 
represented in it, instead of having increased 50 per cent., viz. 
from £140,000,000 to £210,000,000, would have increased one- 
third only, or from £140,000,000 to about £187,000,000. The 
annual difference to the energy of the country developing itself in 
the foreign trade would on this showing be about £23,000,000 
only, an insignificant sum compared with the aggregate income 
of the people of the country ; while the country, it must be 
remembered, does not lose the whole of this sum, but only the 
difference between it and the sum earned in those employments 
to which those concerned have resorted, which again may be a 
plus and not a minus difference. Even, therefore, if foreign 
competition is the cause of a check to our gener il growth, yet 
the figures we are dealing with in our foreign trade are such that 
any visible check to that trade which can have occurred must 
have been insufficient to cause that apparent diminution in 
the rate of our material growth generally which has to be 
explained. 

It has to be remembered, moreover, that when the figures are 
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studied, and the fall of prices allowed for, it is not in our foreign 
trade that any check worth mentioning seems to have occurred 
at all. The diminution in the rate of increase in the movements 
of shipping is very largely to be accounted for in the way already 
explained, viz. by the fact that the increase just before 1875 was 
largely owing to the multiplication of lines of steamers, and that 
a framework had then been provided up to which the traffic 
has since grown. Even an increase of one-third in the move¬ 
ments in the last ten years may thus show as great an increase in 
real business as an increase of 50 or 60 per cent, in the move¬ 
ments in the twenty years before. Foreign competition, even 
from natural causes, is thus insufficient to account for the diminu¬ 
tion in the rate of increase of our material growth in the last ten 
years. 

These figures may be put directly another way. The increase 
of our foreign exports per head between 1860-64 and 1870-74 
was from-£4 14*. ir d. to £7 7 s. 5 d., or about 55 per cent., and 
allowing for an average rise of prices between the two dates, 
may be put as having been at the extreme about 50 per cent. 
Between 1870-74 and 1880-84, instead of an increase, there is 
a decrease, viz. from £7 7s. 5//. to £6 12s. gd. 7 but deducting 
about one-third from the former figure for the fall in prices, the 
real increase in the last ten years would appear to be as from 
£4 1 6s. 3d. to £6 12s. gd., or over 35 per cent. The differ¬ 
ence in the rate of increase in the last ten years compared with 
the previous ten is thus the difference between 35 and 50 per 
cent, only, equal to about ,£21,000,000 annually on the amount of 
^140,000,000 assumed to represent the value of British industry 
in our foreign exports, deduction being made for the value of 
raw material included. A deduction of this sort from the 
annual income of the country is too small to account for such a 
check to the rate of our growth generally as that we are now 
discussing as probable, especially when we recollect that the 
labour is only diverted, and it is not the whole ^21,000,000 
that is lost, but only the difference between that sum and what 
is otherwise earned, which may even be a plus and not a minus 
difference. 

To bring the matter to a point, an increase of 40 per cent, 
in the income of the country in ten years would, on an assumed 
income of 1000 millions only in 1875—and the figure must 
then have been more—have brought the income up to 1400 
millions ; an increase of 20 per cent, would have brought it 
up to 1200 millions only, a difference of 200 millions, which 
must have arisen from the alleged difference in the rate of our 
material growth in question if it had occurred. Clearly nothing 
can have happened in our foreign trade to account for anything 
more than the smallest fraction of such a difference. The figures 
are altogether too small. We may repeat again, then, that it is not 
the check to our foreign trade which foreign competition may 
have caused to which we can ascribe the recent check to our 
general rate of growth. 

I need hardly add that in point of theory foreign competition 
was not likely to have the effect stated. I have set forth else¬ 
where in an elaborate essay (“ Essays in Finance,” second series, 
“Foreign Manufactures and English Trade”) the reasons for 
holding this opinion ; why it is, in fact, that as foreign nations 
grow richer we should be better off absolutely than if they were 
to remain poor, though relatively they might advance more 
than we do. But, whatever theory may say, in point of fact the 
check to the rate of our material growth cannot, for the reasons 
' stated, have been due to anything which has happened to our 
foreign trade. 

Another explanation which has been suggested, and to which I 
have myself been inclined to attach considerable weight as being 
plainly, as far as it goes, a vera causa , is the extent to which the 
hours of labour have been reduced in many employments in 
consequence of the improvement in the condition of the working 
classes in the last half-century, and the growth of a disposition 
to take things easier, which has been the result of the general 
prosperity of the country. Such causes, when they exist, and 
when they are brought into operation, must tend to diminish 
the rate of material growth in a country as compared with a 
period just before when they were not in operation. If we could 
suppose them brought into operation suddenly, all other things, 
such as the progress and development of invention, remaining 
the same, such a reduction of hours of labour and growth of a 
disposition to take things easy must produce a check to the 
former rate of growth. 

After some consideration, however, although there is no doubt 
of the general tendency of the causes referred to, I begin to 


doubt whether they would explain adequately such a check to 
the rate of material growth generally throughout the country 
as is assumed to have occurred. As regards the shortening of 
the hours of labour, which is the more definite fact to be dealt 
with, it cannot but be observed that the shortening has by no 
means been universal. It has been conspicuous among certain 
trades organized into trade unions ; but the unions, after all, only 
include about a tenth part of the labour of the country. There 
has been no such conspicuous shortening of the hours of labour 
among professional men, clerks, domestic servants, and many 
others whose Iabdur is an essential part of the general sum total. 
Next—and this is perhaps even more important—the shortening 
of the hours of labour is not coincident with the beginning of 
the last ten years, though it has been in full operation for the 
whole of that period, but rather with the beginning or middle of 
the previous ten years, viz. 1865-75 ; so that it should have been 
fully in operation upon the production of 1875 ; and the check 
to our rate of growth if due to this cause should thus have beers 
felt between 1865 and 1875, rather than between the latter date 
and the present time. The same with the general disposition to 
take things easy. This disposition did not spring up in a day in. 
1875, but was probably as effective as a cause of change in the 
earlier, as in the later, period. It must count for something as 
a cause of the annual production of the country being less at a 
given moment than it would otherwise be ; but in comparing two 
periods what we have to consider is whether the growth of this 
disposition has been greater in one period than in another; and 
there are no data to support such a conclusion as regards the last 
ten years compared with the previous ten. 

We must apparently, therefore, reject this explanation also. It 
is not adequate to account for the apparent change that has 
occurred in the rate of our growth from the year 1875 as com¬ 
pared with the period just before. Our progress in periods 
previous to 1875 took place in spite of the operation of causes 
of a similar kind which were then in operation, and there is 
no proof at all that the shortening of the hours of labour and 
the growth of a disposition to take things easy have been 
greater since 1875 as compared with the period just before than 
they were between 1865 and 1875 as compared with the period 
just before that. What is wanted is a new cause beginning to 
operate in or about 1875, and the shortening of the hours of 
labour and the growth of a disposition to take things easy do not 
answer that description sufficiently. Something of the apparent 
change may be due to an acceleration in recent years of the 
growth of a disposition to take things easy, but on the whole 
the explanation halts when we make a strict comparison. 

Another cause which may properly be assigned as a vera causa 
of a check to the rate of material growth in the country is 
the unfavourable weather to agriculture, and the generally un¬ 
profitable conditions of that industry in recent years. Pro tank)' 
such influences would make agricultural production less to-day 
than it would otherwise be. Employment in that industry would 
also be diminished comparatively, and perhaps absolutely, and a 
check to production generally would take place while labour was 
seeking new fields. But the check arising in this manner, as far 
as the general growth is concerned, has obviously not been very 
great. More land in proportion has been turned into permanent 
pasture, but very little land has gone out of cultivation altogether, 
and even the amount under the plough has not much diminished. 
Agricultural labour, in somewhat greater proportion than 
before, has been obliged to seek other employments ; the flow 
of population from country to town has been increased somewhat ; 
but nothing new has happened to diminish production generally 
to a serious extent, and it is a new cause, it must be remembered, 
for which we are seeking. As far as unfavourable weather is 
concerned, again, that is only a temporary evil. One year with 
another, the weather is not worse now than at any former 
time ; the remarkably unfavourable weather which lasted from 
1874 to 1880 has passed. The other conditions unfavourable to 
agriculture, especially foreign competition, are more enduring ; 
but these seem much more unfavourable to rent than to produc¬ 
tion itself, which is the point now under consideration ; and we 
do not know that they will be permanent at all when prices and 
wages are fully adjusted. 

The disturbance to industry by the fall of prices generally is 
also a vera causa of a check to the rate of material growth. But 
the effect of such a cause seems to be confined within narrow 
limits, and it is not a new cause. It occurs in every time of 
depression due to discredit, being partly the effect and partly the 
cause of the depression itseT. All that is new recently is the 
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extreme degree of the fall, and I must express the greatest doubt 
whether a mere difference of degree aggravates materially the 
periodical disturbance of industry, tending to check production, 
which a fall of prices from a high to a low level causes. So far 
as past experience has gone, at any rate, no such cause has been 
known to check production to any material extent. If any such 
cause tended to have a serious effect we should witness the results 
every time there is a shrinkage of values owing to the contrac¬ 
tion and appreciation of an inconvertible paper currency, and I 
am not aware of any such contraction having had the effect 
described On production, though the effect in producing a feeling 
of depression is beyond all question. The facts as to the great 
contraction in this country between 1815 and 1820 are on record, 
while the experience of the United States after the civil war is 
also fresh in everyone’s recollection. Contraction of currency 
and fall of prices, though they are painful things, do not stop 
production materially. 

Another explanation suggested is that there is in fact no ante¬ 
cedent reason for supposing that the rate of material growth in 
a 1 community should always be at the same rate—that a com¬ 
munity may, as it were, get “to the top ” as regards its 
development under given conditions, and then its advance 
should be either less rapid than it had been or it should even 
become stationary. The defect of this explanation is that it 
assumes the very thing which would have to be proved. Is 
there any other sign, except the alleged check to the rate of our 
material growth itself, that in or about the year 1875 this country 
got “to the top 5 ’? It has, moreover, to be considered that on 
a priori grounds it is most unlikely a community would get to the 
top per solium , and then so great a change should occur as the 
apparent change we are considering. The persistence of internal 
conditions in a given mass of humanity is a thing we may safely 
assume, and if these conditions are consistent with a given rate 
of development in one period of ten years, it is most unlikely 
that, save for an alteration of external conditions, there would 
be another rate of development in the succeeding ten years. 
Human nature and capacities do not change like that. Scientific 
opinion, I believe, is also to the effect that the progress of 
invention, and of the practical working of inventions, which 
have been the main cause of our material growth in the past, 
have been going on in the last ten years, are still going on, and 
are likely to go on in the near future, at as great a rate as at any 
time in the last fifty years. Except, as already said, the apparent 
check to the rate of our material growth itself, there is no sign 
anywhere of our having got to the top, so that a stationary 
condition economically, or a condition nearly approaching it, 
has been reached. 

Last of all, it is urged that the diminution in the material of 
our growth, which is in question, must be due to the fact that 
we are losing the natural advantages of coal and iron which we 
formerly had in comparison with the rest of the world. This is 
perhaps only another way of saying that we have got to the top 
by comparison, though the community of nations generally has 
not got to the top, and another way of saying also that foreign 
competition affects us more than it formerly did—an argument 
already dealt with. But the question whether coal and iron at 
home are really so indispensable to our material growth as is 
sometimes assumed appears itself so important that I may be 
excused for specially discussing this question, notwithstanding 
that it has virtually been disposed of, as far as any explanation 
of past facts is concerned, by what has been already said. 

The argument proceeds on the supposition—which is no doubt 
well founded in the abstract and as far as the past experience of 
mankind is concerned—that in addition to natural capacities of 
its own a community requires for its prosperity certain natural 
advantages, fertility of soil, rich and easily-worked mines, a 
genial climate in which labour may conveniently be carried on, 
and so forth. A community possessing all these things, or the 
like things, will flourish, but as it ceases to lose any of them its 
prosperity must become precarious, and population must flow to 
the places where they can be secured. Of course climate is not 
a thing which changes, as far as any practical experience is 
concerned ; but relatively the advantage of a fertile soil may be 
lost, as England has lately lost it in comparison with the United 
States and other new countries, its soil having become inade¬ 
quate for the whole population ; and still more the advantage of 
mines, especially mines of coal and iron, on which the miscel¬ 
laneous industries of a manufacturing country depend, may be 
lost. Hence it is said the check to our rate of growth in recent 
years. We have long since lost our agricultural advantages by 


comparison. Now we are also beginning to lose the special 
advantages which coal and iron have given. Our mines are 
becoming less rich than those of foreign countries, and the 
balance is turning against us. Why should not population 
relatively flow from England to the United States and other 
countries as it has passed within the limits of the United King¬ 
dom itself from Cornwall and Sussex to Staffordshire, Lanca¬ 
shire, Yorkshire, and the north? In this view the coal famine 
of 1873 was the sign of a check such as Mr. Jevons anticipated. 
What has happened since is only a sequence of the like causes. 

I need not repeat in opposition to this view what has already 
been said as to the inadequacy of any actual decline in our 
foreign trade to account for such a check to our general growth 
as is supposed to have occurred. If the loss of our natural ad¬ 
vantages of coal and iron in addition to agriculture are having 
the effects suppose!, we ought to witness them in our foreign 
trade, and in fact we do not witness them to the extent required 
for the production of the phenomenon in question. 

What I wish now specially to urge is that in consequence of 
the progress of invention and the practical application of inven¬ 
tions in modern times the theory itself has begun to be less true 
generally than it has been. It is no longer so necessary, as it 
once was, as in fact it always has been until very lately, that 
people should live where their food and raw materials are 
grown. The industry of the world having become more and 
more manufacturing and, if one may say so, artistic, and less 
agricultural and extractive, the natural advantages of a fertile 
soil and rich mines are less important to a manufacturing com¬ 
munity than they were at any former period of the world’s 
history, because of the new cheapness of conveyance. Under 
the new conditions, I believe it is impossible to doubt, climate, 
accumulated wealth, acquired manufacturing skill, concentration 
of population, become more important factors than mere juxta¬ 
position to the natural advantages of fertile soil and rich mines. 
The facts seem at any rate worth investigating, judging by what 
has happened hr England and other old countries in the last 
half-century, and by what is still happening there. 

Take first the question of food. Wheat is now conveyed 
from the American Far West to Liverpool and London and any 
other ports in the Old World for something like five shillings 
per quarter—equal to about half a farthing on the pound of 
bread, or a halfpenny on the quartern loaf. The difference be¬ 
tween the towns of a country with fertile soil, therefore, and 
the towns of a country with inadequate soil is represented by 
this small difference in the price of bread. At about fivepence 
the quartern loaf the staff of life may be about 10 per cent, 
cheaper in the fertile country than it is in a country which does 
not grow its own food at all, and which may be thousands of 
miles away. As the staff of life only enters into the expendi¬ 
ture of the artisan to the extent of 20 per cent, at the outside, 
and into the expenditure of richer classes to a smaller extent, 
the difference on the whole income of a community made by 
their living where the staff of life would be cheaper would be 
less than 2 per cent.—too small to tell against other advantages 
which may be credited to them. What is true of wheat is even 
more true of meat and other more valuable articles of food, 
where the cost of conveyance makes a less difference in the pro¬ 
portionate value of the food in situ and its value at a distant 
point. The same more and more with raw materials. Cotton 
and such articles cost so little to transport that the manufacturing 
may as well go on in Lancashire or any other part of the Old 
World as in situ or nearly in situ ; and even as regards metals 
or minerals, except coal and perhaps iron, the same rule ap¬ 
plies, the cost of conveyance being as nothing in proportion to 
the value of the raw material itself. As regards coal and iron, 
moreover, there are many places where they are not in absolute 
juxtaposition, and if they have to be conveyed at all they may 
as well be conveyed to a common centre. Iron ore and iron at 
any rate are beginning to be articles of import into the old 
countries of Europe to which the cost, in fact, offers very little 
difficulty. The additional cost to the miscellaneous manufac¬ 
turing of a country through its having to bring iron and coal 
from a distance may thus be quite inconsiderable, and apparently 
is becoming more and more inconsiderable. As regards raw 
materials generally it has also to be considered that, owing to 
their immense variety, there is an undoubted convenience in a 
common manufacturing centre to which they can be brought. 
Hitherto they may have come to England and other old coun¬ 
tries of Europe in part because coal and iron were abundant 
there in juxtaposition; but the habit once set up, there seems 
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no reason why they should not concentrate themselves on the 
old manufacturing centres. The ruder parts of the coal and 
iron industry may be attracted to other places, but the higher 
branches of manufacturing will be at no disadvantage if carried 
•on at the old centres. 

On the other hand, the old centres will retain the advantages, 
which are obviously very great, of climate, accumulated wealth, 
acquired skill, and concentration of population. That popula- 
lation under the new conditions is to go from them merely 
because they do not grow food which can be transported to 
them at the cost of a mere fraction of the aggregate income, and 
because they have not coal and iron in abundance and in juxta¬ 
position, that abundance and juxtaposition, owing again to the 
diminished cost of conveyance, being no longer so indispensable 
as it was to the higher branches of manufacturing, appears 
certainly to be a “large order.” What I have to suggest most 
strongly at any rate is that the advantages I have spoken of as 
possessed by old manufacturing centres are not unlikely to tell 
more and more under the new conditions, and that the indis¬ 
pensability of coal and iron is no longer to be spoken of as 
what it has been in the last century, during which apparently 
England owed so much of its precedence in manufacturing 
power to these causes. 

To the same effect we may urge the specially great increase of 
the efficiency of coal in recent years. Cheap coal in situ cannot 
be relatively so important as it was in days when five or ten 
tons of coal were required to do the work which can now be 
done by one. 

The truth is that the whol’e change that has been occurring is 
•only a continuation of much larger historical changes. There has 
almost always in English history been some one industry that was 
supposed to be king. In the Middle Ages it was the growth and 
export of raw wool ; last century it was the woollen manufacture 
itself; early in this century and down to a very late date cotton was 
king ; more lately, since the beginning of the railway and steam¬ 
ship era, it has been coal and iron. How do we know, how can 
we know, that coal and iron are to reign indefinitely, any more 
than wool, or the wooPen manufacture, or cotton themselves have 
done? Changes are always going on, and for that reason I 
believe we should attach the more importance to the increasing 
signs that it is no longer necessary or indispensable for pro¬ 
sperous communities to live where their food and raw materials 
are grown ; that there may be advantages of climate, of accu¬ 
mulated wealth, of acquired skill, of concentration of population 
which are now, under the new conditions, overwhelmingly more 
important. It would be absurd to dogmatize in such a matter. 
I hope, however, I have said enough to those who care to reflect 
to satisfy them that the indispensability even of coal and iron to 
the continuance of our material growth is no longer to be assumed, 
that there are wholly new conditions to be considered. 

To come back to the practical point in all this discussion. Not 
only is there no sign in anything that has yet happened that the 
apparent check to our former rate of material growth is due to 
the loss of natural advantages which we once possessed, but the 
theory of natural advantages itself requires to be revised. Equally 
in this way as in the other ways that have been discussed, it is 
impossible to account for the apparent check to the former rate 
of our material growth which has been observed. 

Having carried matters so far, however, and having found the 
insufficiency of the various causes which have been assigned for 
the check to our former rate of material growth, because they 
have not produced the sort of effect in detail which they ought 
to have produced so as to lead to the general effect alleged, or 
because they existed quite as much when the rate of growth was 
great as in recent years when a diminution has apparently been 
observed, it would seem expedient to inquire whether, in spite 
of the accumulation of signs to that effect, the apparent check to 
our rate of growth may, after all, not be a real one. To some 
extent I think we must conclude that this is the case. There 
are other facts which are inconsistent with a real and permanent 
check such as has been in question, and a general explanation of 
the special phenomena of arrest seems possible without supposing 
any such real check. 

The first broad fact that does not seem quite reconcilable with 
the fact of a real diminution of the kind alleged in the rate of 
material growth generally is the real as distinguished from the 
apparent growth of the income-tax assessments when allowance 
is made for the fall of prices which affect, as we have seen, all 
a gg re g ate values. Assuming the fall of prices to be about 20 
per cent., then we must add one-fourth to the assessments in 


1885 to get the proper figure for comparison with 1875. The 
total of 631 millions for 1885 would thus become 787 millions, 
which is a falling-off of 35 milliDns, or 4 per cent, only, from the 
figure of 822 millions, which should have been reached if the 
rate of growth had been the same between 1875 a id 1885 as 
between 1865 and 1875. Allowing for the raising of the lower 
limit of the income-tax in the interval, this is really no decrease 
■at all. 

Of course this comparison may be thrown out if we are to 
assume the difference made by the fall of prices on the income- 
tax assessments to be 15 or 10 per cent, only, instead of 20 per 
cent. But a point like this would involve a most elaborate dis¬ 
cussion, for which this address would hardly be the occasion. 

I hope to find a better opportunity shortly in a continuation of 
my essay of ten years ago on the accumulations of capital in 
the United Kingdom. There is no doubt, however, that an 
allowance must be made for the difference of prices, and when 
any such allowance is made the rate of material growth would 
not appear to be so very much less between 1875 an ^ *885 than 
in the period just before, as it does in the above figures. 

Another broad fact not easily reconcilable with the fact of a 
great diminution in the real rate of material growth in the last 
ten years is the steadiness of the increase of population and the 
absence of any sign, such as an increase in the proportion of 
pauperism, indicating that the people are less fully employed 
than they were. The increasing numbers must either be em¬ 
ployed or unemployed, and if there is an increase in the propor¬ 
tion of the unemployed the fact should be revealed in the returns 
of pauperism somehow. The existence of trade unions, no 
doubt, prevents many workmen coming on the rates who might 
formerly have done so, but there are large masses of workmen, 
the most likely to feel the brunt of want of employment, to whom 
this explanation would not apply. 

What we find, however, is that population has increased as 
follows : between 1855 and 1865 from 27,800,000 to 29,900,000, 
or 7! per cent. ; between 1865 and 1875 from 29,900,000 to 
32,800,000, or nearly 10 per cent. ; and between 1875 and 1885 
from 32,800,000 to 36,300,000, or over 10 per cent. If it is 
considered that the figures are not fairly comparable for the early 
period, owing to the specially large emigration from Ireland, 
which took away from the apparent numbers of the United 
Kingdom as a whole, but still allowed of as great an increase in 
the manufacturing parts of the country as there has been later, 
then we may take the figures for England only, and what we find 
is—between 1855 and 1865 an increase from 18,800,000 to 
21,100,000, or 124 per cent. ; between 1865 and 1875 from 
21,100,000 to 24,000,000, or nearly 14 per cent. ; and between 
1875 and 1885 from 24,000,000 to 27,500,000, or 14! per cent. 
Whether, therefore, we take the figures for the United Kingdom 
or for England only, what we find is a greater increase of popula¬ 
tion in the last ten years than in either of the previous decades 
when the rate of material growth seemed so much greater. If 
there had been such real diminution in the rate of material 
growth, ought there not to have been some increase in the want 
of employment and in pauperism to correspond ? 

It is one of the most notorious facts of the case, however, that 
there has been no increase, but instead a very steady decrease of 
pauperism, excepting in Ireland, which is so small, however, as not 
to affect the general result. As regards England the figures are 
very striking indeed. The average number of paupers and pro¬ 
portion to population have been as follows in quinquennial periods 
in England since 1885 :— 


1855-59 


Number of 
Paupers. 
895,000 

Proportion to 
Populati _>n per cent. 

47 

I860-64 


948,000 

47 

1865-69 


962,000 

4'5 

1870-74 


952,000 

4'2 

1875-79 


753,000 

3 't 

1880-84 


787,000 

3 '° 


Thus there has been a steady diminution in the proportion to 
the population all through, accompanied by a diminution in the 
absolute numbers between 1865-69 and i875~79> though there 
has since been a slight increase. In spite of all that can be 
urged as to a more stringent Poor-Law administration having 
mide all the difference, it is difficult to believe that a real falling- 
off of a serious kind in the rate of our material growth in late 
years as compared with the period just before should not Lave 
led to some real increase of pauperism. Change of adminritra- 
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tion may do much, but it cannot alter the effect of any serious 
increase in the want of employment in a country. 


The corresponding figures as to Scotland 

Number of 
Paupers. 

are much the same :— 

Proportion to 
Population per cent. 

1855-59 

I23,OOQ 

4-2 

1860-64 

125,000 

4 -2 

1865-69 

I 3 l,COO 

4’3 

1870-74 

. 123,000 

37 

1875-79 

103,000 

2-9 

1880-84 

100,000 

27 


Here there is the same steady diminution in the proportion of 
pauperism to population all through as we have seen in the case 
of England, accom, a.nied in this case by a steady diminution of 
the absolute number of paupers since 1865-69. The Scotch 
administration has been totally independent of the English, but 
the same results are produced. 

In Ireland, as already hinted, the history has been different. 
There has been an increase in the pauperism accompanied by a 
decline of population. But Ireland is too small to affect the 
general result. 

We are thus confronted by the fact that if there had been a 
real check of a serious kind to the rate of our material growth in 
the last ten years as compared with the ten years just before, 
there ought to have been some increase in the want of employ¬ 
ment and in pauperism, but instead of there being such an 
increase there is a decline. The population apparently, while 
increasing even more rapidly in the last ten years than before, 
has been more fully employed than before. To make these facts 
consistent with a check to the rate of our material growth we 
must contrive some such hypothesis as that employment has 
been more diffused as regards numbers, but the aggregate amount 
of it has fallen off—another form of the hypothesis as to the 
effect of shorter hours of labour already discussed ; but a little 
reflection will show that any such hypothesis is hardly admissible. 
It is difficult to imagine any change in the conditions of employ¬ 
ment in so short a time which would make it possible for larger 
numbers to be employed along with a diminution in the aggregate 
amount of employment itself. 

Another fact corresponding to this decrease of pauperism is 
the steady increase of savings-bank deposits and depositors. 
These deposits are not, of course, the deposits of working classes 
only, technically so called. They include the smaller class of 
tradesmen and the lower middle classes generally. But, quantum 
valeant, the facts as to a growth of deposits and depositors should 
reflect the condition of the country generally in much the same 
way as the returns of pauperism. What we find then is, as 
regards deposits, that the increase between 1855 and 1865 was 
from £34,300,000 to £45,300,000, or about one-third ; between 
1865 and 1875 from £45,300,000 to £67,600,000, or about 
one-half; and between 1875 and 1885 from £ 67,600,000 to 
£94,053,000, or just about 40 per cent.—a less increase than in 
the previous ten years, but not really less, perhaps, if allowance 
is made for the fall of prices in the interval, and in any case 
a very large increase. Then, as regards depositors, what we 
find is an increase between 1855 ar.d 1865 from 1,304,000 to 


2,079,000, or 59 per cent. ; between 1865 and 1875 from 
2,079,000 to 3,256,000, or 56 per cent. ; and between 1875 and 
1885 from 3,256,000 to over 5,000,000, or over 50 per cent. 
Whatever special explanations there may be, facts like these are 
at least not inconsistent with a fuller employment of the popula¬ 
tion in the last ten years than in the previous ten. 

Yet another fact tending to the same conclusion may be re¬ 
ferred to. The stationariness or slow growth of the income-tax 
assessments in general in the last ten years, as compared with 
the rapid increase in the ten years just before, has already been 
referred to as one of the signs indicating a check in the rate of 
advance in our material growth. But when the returns are 
examined in detail there is one class of assessments, more sig¬ 
nificant, perhaps, than any, of the general condition of the 
nation, viz. houses, which is found to exhibit as great an increase 
in the last ten years as in the previous decade. Between 1865 
and 1875 the increase in the item of houses in the income-tax 
assessments in the United Kingdom was from ,£68,800,000 to 
,£94,600,000, or just about 37 per cent. In the following ten 
years the increase was from £94,600,000 to £’128,500,000, or 
just about 36 per cent. In “ houses,” then, as yet there is no 
sign of any check to the general rate of the material growth of 
the country. Allowing, in fact, for the great fall in prices in 
the last ten years, the real increase in houses would seem to have 
been more in the last ten years than in the ten years just before. 

Other facts, such as the increase of Post Office business, may 
be referred to as tending to the same conclusion. But there is 
no need to multiply facts. If no hypothesis is to be accepted 
except one that reconciles all the facts, then these facts as to the 
increase of population, diminution of pauperism, increase of 
savings-bank deposits and depositors, increase of houses, must 
all be taken into account, as well as those signs as regards pro¬ 
duction and other factors, which have usually been most dwelt 
upon in discussing the question of the accumulation of wealth 
and the material growth of the people. If the signs of a check 
to production in some directions can be reconciled with the fact 
of an unchecked continuance of the former rate of growth 
generally, then the later facts cited as to increase of population, 
diminution of pauperism, and the like, may be allowed to have 
their natural interpretation and to be conclusive on the point. 

Such a general explanation, then, of the facts as to production 
in leading industries and the like, referred to in the earlier part 
of this address, consistent with the fact that there is no serious 
falling-off in the rate of our material growth generally, is to be 
found in the supposition that industry by a natural law is becoming 
more and more miscellaneous, and that as populations develop 
the disproportionate growth of the numbers employed in such 
miscellaneous industries, and in what may be called incorporeal 
functions, that is, as teachers, arlists, and the like, prevents the 
increase of staple products continuing at the former rate. This 
supposition, it will be found, has a good deal to support it in. 
the actual facts as to industry and population in recent years. _ 

The foreign trade shows some sign of the change that is going 
on. Looking through the list of export articles some remark¬ 
able developments are to be noticed. The following short table 
spe; ks for itself:—- 


Experts of the undermentioned Articles in the Years stated, with the Rates of Increasetn 1855 65, 1865 l^,and\ S75 05 compco tt. 



Quantities exported. 

Increase per cent. 

185s. 

1865. 

1875. 

1885. 

1855-65. 

1865-75. 

1875-85, 

Candles, million lbs.. 

4 

4 

5’3 

7-8 

Nil 

33 

47 

Cordage and twine, thousand cwts. 

IIO 

168 

III 

*77 

53 

- 34 3 

59 

Plate glass, million sq. ft. . 

°'3 

o'6 

i 6 

3'9 

IOO 

166 

i 43 

Jute yarn, million lbs.. . 

not stated 

4’9 

15-9 

307 

— 

224 

93 

Jute manufacture, million yds. ... . 

>) 

I 5’4 

1021 

21S 


563 


Iron hoops, sheets, &c. thousand tons. 

Tinned plates, thousand tons . 


Il6 

204 

33 i 


76 

62 


63 

138 

298 

— 

119 

116 

Other wrought iron, thousand tons . 

>) 

214 

239 

348 

— 

12 

45 

Oil and floor cloth, million sq. yds. 

°'S 

2 ’4 

6*3 

n '3 

3S0 

162 

79 

Paper other than hangings, thousand cwts.... 

106'i 1 

H 5 

319 

733 

37 

120 

130 

Dressed skins and furs, millions ... 

not stated 

not stated 

0-37 

3’45 

— 

— 

832 

Soap, thousand cwts. 

205 

140 

251 

402 

-32 2 

79 

60 

Spirits, million gals. 

3’8 

2’0 

ro 

27 

- 47 2 

-50 2 

170 

Unenumerated, values, millions . 

— 

— 

£9-7 

£i°'6 


— 

10 


185S, not separately stated before. 
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Thus there are not a few articles, of which jute is a conspicuous 
example, in which there has been an entirely new industry 
established within a comparatively short period ; and, though 
the percentage of increase may not in all be so great in the last 
ten years as in the previous ten just because the industry is so 
wholly new, yet the amount of the increase is as great or greater. 
In other articles, such as soap and British spirits, there is a new 
■start in the last ten years after a decline in the previous periods. 
Such cases as oil and floor cloth, paper other than hangings, and 
plate glass are also specially noticeable as practically new trades. 
The list I am satisfied could be considerably extended, but I am 
giving it mainly by way of illustration. Finally, there is the item 
of other articles not separately specified—an item which is always 
changing in the statistical abstract because every few years one 
or more articles grow into sufficient importance to require separate 
mention, so that any extended comparison of this item for a long 
•series of years is impossible. Still it is ever growing, and what 
we find in the last ten years is that, in spite of the fall of prices, 
the growth is from fg,yoo,ooo to ^10,600,000, or nearly 10 per 
cent. Many of the articles referred to, it is plain, cannot run 
into much money, but the indications of a tendency are none the 
less clear. What is happening in the foreign trade is happening, 
we may be sure, in the home trade as well, of which in another 
way the increase in the imports of foreign manufactures, already 
referred to in another connexion, is really a sign, as it implies 
the growth of miscellaneous wants among the consumers. 

The census figures as to occupations tend, I believe, to confirm 
this observation as to the special growth of miscellaneous in¬ 
dustries, but the discussion df the figures would require more 
preparation than I have had time for, and perhaps more space 
than can well be spared. 

As to the growth of incorporeal functions, which is another 
fact significant of the supposed change in the direction of the 
employments of the people, I propose to appeal to the testimony 
of the census figures. I need refer on this head only to the paper 
read some time ago to the Statistical Society by Mr. Booth. 
Among those classes of population whose numbers in England 
and Wales in the last ten years have shown a disproportionate 
growth are the following :— 


Numbers and Percentage of Self-supporting Population employed. 



N umbers. 

Percentage. 

1871. 

1881. 

1871. 

l88l. 

Transport . 

524,000 

654,000 

4'9 

5 '6 

Commercial Class. 

119,000 

225,000 

I ' I 

1*9 

Art and Amusement 

38,000 

47,000 

o ’3 

0*4 

Literature and Science... 

7,000 

9,000 


0*1 

Education . 

135,000 

183,000 

1 '3 

1'6 

Indefinite 

124,000 

269,000 

I ‘2 

2-3 

Total . 

947,000 

1,387,000 

8-8 

11 9 


Following the indication of these figures, whatever qualification 
they may be subject to, we are apparently justified in saying that 
an increasing part of the population has been lately applied to 
the creation of incorporeal products. Their employment is in¬ 
dustrial all the same. The products are consumed as they are 
produced, but the production is none the less real. If a nation 
chooses to produce more largely in this form as it becomes more 
prosperous, so that there is less development than was formerly 
the case in what were known as staple industries, it need not be 
becoming poorer for that reason ; all that is happening is that 
its wealth and income are taking a different shape. 

It is quite conceivable, then, and is in truth not improbable, 
that a check to the former rate of material growth in certain 
directions may have taken place of late years without any 
corresponding check to the rate of material growth generally, 
which would seem to be inconsistent with such facts as the 
growth of population, diminution of pauperism, increase of 
houses, and the like. The truth would seem to be that with the 
growth of staple industries, such as cotton, wool, coal, and iron, 
up to a point, there being reasons for the remarkably quick 
development of each for many years up to 1875, there comes a 


growth of new wants, the satisfaction of which drafts a portion 
of the national energy in new directions. Just because certain 
staples developed themselves greatly between 1855 and 1875 the 
time was likely to arrive when they would grow not quite so fast. 
For the same reason the rapid increase for a certain period in the 
consumption per head of articles like sugar and tea was likely to 
be followed by a less rapid increase, the wants of consumers taking 
a new direction. Probably owing to the more and more mis¬ 
cellaneous character of modern industry, it will become more 
and more difficult to follow its development by dealing with 
staple articles only, while changes in aggregate values are untrust¬ 
worthy as indications of real changes owing to changes in prices. 
Already there seems to be no doubt the staple articles are no 
longer a sufficient indication. 

A supplementary explanation may be added which helps to 
explain another difficulty in the matter by which people are 
puzzled. I can imagine them saying that it is all very well to 
pooh-pooh the non-increase or slower increase of the production 
of staple articles and to assume that industry is becoming more 
and more miscellaneous; but other countries go on increasing 
their production of these same staple articles. The increase of 
the manufactures of cotton, wool, coal, and iron in Germany and 
the United States, they will say, has in recent years been greater 
in proportion than in England, which is undoubtedly true. The 
explanation I have to suggest, however, is that the competition 
with the leading manufacturing country, which England still is, 
is naturally in the staple articles where manufacturing has been 
reduced to a system, the newer and more difficult manufactures 
and the newer developments of industry generally falling as a 
rule to the older country. Even in foreign countries, however, 
there are signs of slower growth of recent years in the staple 
articles as compared with the period just before. In Germany, 
for instance, the production of coal increased between i860 and 
1866 (I take the years which I find available in Dr. Neumann 
Spallart’s “ Uebersichten ”) from 12,300,000 tons to 28,200,000, 
or nearly 129 per cent. ; between 1866 and 1876 the increase 
was from the figure stated to about 50,000,000 tons, or about 77 
per cent, only ; between 1876 and 1885, another period of ten 
years, from the figure stated to 74,000,000 tons, or less than 50 
per cent.—a rapidly diminishing rate of increase. In the United 
States of America the corresponding figures for coal are 15, 22, 
50, and 103 million tons, showing a greater increase than in 
Germany, but still a rather less rate of increase since 1876 than 
in the ten years before. The experience as to the iron production 
would seem to be different, the increase in the United States and 
Germany having been enormously rapid in the last ten years ; 
but I have not been able here to carry the figures far enough 
back for comparison. Still the facts as to coal in Germany are 
enough to show how rapidly the rate of increase of growth may 
fall off when a certain point is reached, and that the experience of 
the United Kingdom is by no means exceptional. As the staple 
articles develop abroad the rate of increase in such articles will 
diminish too, and foreign industry in turn will become more and 
more miscellaneous. 

The conclusion would thus be that there is nothing unaccount¬ 
able in the course of industry in the United Kingdom in the last ten 
years. In certain staple industries the rate of increase has been 
less than it was in the ten years just before, but there would seem 
to have been no increase or little increase in the want of employ¬ 
ment generally, while there is reason to believe that certain 
miscellaneous industries have grown at a greater rate than the 
staple industries, or have grown into wholly new being, and that 
there has also been some diversion of industry in directions where 
the products are incorporeal. These facts also correspond with 
what is going on abroad, a tendency to decline in the rate of 
increase of staple articles of production being general, and 
industry everywhere following the law of becoming more mis¬ 
cellaneous. Abroad also, we may be sure, as nations increase in 
wealth the diversion of industry in directions where the products 
are incorporeal will also take place. What the whole facts seem 
to bring out, therefore, is a change in the direction of industry of 
a most interesting kind. If we are to believe that the progress 
of invention and of the application of invention to human wants 
continues and increases, no other explanation seems possible of 
the apparent check to the rate of material growth which seems 
to be so nearly demonstrated by some of the statistics most 
commonly appealed to in such questions. 

At. the same time I must apply the remark which I applied at 
the earlier stage to the opposite conclusion that there had been a 
real check to the rate of increase in our material growth. When 
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the main statistics bearing on a particular point all indicate the 
same conclusion, it is not difficult to reason from them and to 
convince all who study them ; but when the indications are 
apparently in conflict it would be folly to dogmatize. I have 
indicated frankly my own opinion, but I, for one, should like the 
subject to be more fully threshed out. It is a very obvious 
suggestion, moreover, that one may prove too much by such figures 
—that it is an outrage on common-sense to talk of there being no 
check to the rate of growth in the country when times are notori¬ 
ously bad and everybody is talking of want of profit. What I should 
su &g est finally, by way of a hypothesis reconciling all the facts, 
would be that probably there is some check to the rate of material 
growth in the last ten years, though not of the serious character 
implied by the first set of figures discussed ; that this check may 
even be too small to be measured by general statistics though it 
is sufficient to account for no small amount of malaise ; and that 
the malaise itself is largely accounted for, as I have suggested 
on a former occasion, by the mere fall of prices, whatever the 
cause, as it involves a great redistribution of wealth and income, 
and makes very many people feel poorer, including many who 
are not really poorer, but only seem so, and many who are really 
richer if they only allowed properly for the increased purchasing 
power of their wealth. All these facts are quite consistent with 
the fact of a very slight real diminution in the rate of our material 
growth generally, and with that change in the direction of the 
national industry, significant of a general change beginning 
throughout the world which would seem to have occurred. 

To some extent also it ought to be allowed that the tendency 
in the very latest years seems unsatisfactory, and that the de¬ 
velopments of the next few years should be carefully watched. 
Up to now there is nothing really alarming in the statistics when 
they are analyzed and compared. It may be the case, though I 
do not think it is the case, that causes are in operation to pro¬ 
duce that great check and retrogression which have not as yet 
occurred, though many have talked as if they had occurred. The 
exact limits of the discussion should be carefully kept in 
mind. 

Fortunately, however, there is no doubt what some of the 
conclusions on practical points should be. If it be the case that 
the hold of an old country like England on certain staple in¬ 
dustries of the world is less firm than it was, and, as I believe, 
must be less and less firm from period to period, owing to the 
natural development of foreign countries and the room there is 
among ourselves for development in new directions, then we 
should make assurance doubly sure that the country is really 
developing in new directions. If our dependence must be on 
the new advantages that have been described, such as acquired 
manufacturing skill, concentration of population, and the like, 
then we must make sure of the skill and of the best conditions 
of existence for the concentrated population. If, in point of fact, 
shorter hours of labour and taking things easy have contributed 
to check our rate of progress slightly, there is all the more reason 
for improving the human agent in industry so as to make work 
in the shorter hours more efficient. Looking at the stir there 
now is about technical education and such matters, and the 
hereditary character of our population, I see no cause to doubt 
that the future will be even more prosperous than the past. The 
national life seems as fresh and vigorous as ever. The unrest 
and complaints of the last few years are not bad signs. But the 
new conditions must be fully recognized. The utmost energy, 
mobility, and resource must be applied in every direction if we 
are only to hold our own. 


REPORTS. 

Fourth Report of the Committee, consisting of Prof. Balfour 
Stewart [secretary). Profs , Stokes, Schuster, G. Johnstone Stoney, 
Sir H. F. Roscoe, M.P., Captain Abney, and Mr. G. J. Symons, 
appointed for the purpose of considering the best methods op 
recording the Direct Intensity of Solar Radiation .—In their last 
report the Committee gave a description of a copper inclosure 
which had been constructed by them. This consisted of a copper 
cube 3^ inches square outside, the faces of which were | of an 
inch thick. The cube was packed round with felt of an inch 
thick, and the whole was faced outside with thin polished brass 
plates. Thermometers were inserted into that side of the cube 
intended ultimately to face the sun, and into the opposite side, 
by means of which the temperature of these sides could be 


accurately determined. Finally, a thermometer was placed in 
the vacant space in the very centre of the inclosure. This last 
thermometer occupies the position that will ultimately be occu¬ 
pied by the internal thermometer, upon which the sun’s rays are 
to fall through a hole ; only at this stage the hole had not been 
constructed. It is obvious that when the instrument is finally in 
action, with a beam of solar rays (condensed by means of a lens 
so as to pass through the hole) falling upon the bulb, this ther¬ 
mometer will be subject to a heating effect from two separate 
causes, (a) It will, first of all, be subject to radiation and con¬ 
vection from the surrounding inclosure, which is gradually (let 
us suppose) getting hot through exposure to the sun. (b) It will, 
secondly, have a beam of solar rays of constant size and of constant 
intensity (except as to variations arising from atmospheric absorp¬ 
tion, seasonal change in the sun’s apparent diameter, or change 
in the sun’s intrinsic radiation) continuously thrown upon it through 
the hole. In fine days when there is no abrupt variation of the 
sun’s intensity the temperature of the internal thermometer will 
remain sensibly constant, or at least will only vary slowly with the 
sun’s altitude ; and this temperature will be such that the heat lost 
by radiation and convection from the internal hot thermometer 
will be equal to the heat which it gains from the sources (a) and 
(b), save as to a small correction, calculable from the slow 
variation of the temperature of the thermometer. Now, our object 
being to estimate accurately the intensity of source (b), we must 
be able, notwithstanding the gradual heating of the inclosure, 
to determine how much heat the internal thermometer gains from 
source [a). That is to say, we must be able to tell what would 
be the temperature of the internal thermometer if the instrument 
were still made to face the sun, but without any aperture. For 
the solid angle subtended by the hole at any point of the bulb is 
so small that we may regard it as a matter of indifference whether 
there be a bole or not, except as to the admission or exclusion 
of direct solar radiation. It was suggested by Prof. Stokes that 
a simple practical method of doing this would be to expose the 
instrument, without a hole, to an artificial source of heat, such 
, as a fire or a stove, the intensity of which might likewise be 
made to vary. By this means the conditions of the instrument 
when facing the sun might be fairly represented. Experiments 
of this nature were made at Manchester by Mr. Shepherd, acting 
under the superintendence of Prof. Stewart, and these were 
reduced by Prof. Stokes. It was ascertained from these experi¬ 
ments that the internal thermometer represented with great 
exactness the temperature of the cube such as it was 3! minutes 
before ; in other words, there was a lagging time of the internal 
thermometer equal to 3^ minutes. We may thus find what would 
be the reading of the internal thermometer if the balance were 
perfect between the gain of heat by direct solar radiation and the 
loss of heat by communication to the environment ; and as the 
latter is approximately proportional to the difference of temper¬ 
ature of the envelope and internal thermometer, and the 
deviation from exact proportionality admits of determination by 
laboratory experiments, we have the means of measuring the 
former. We must bear in mind that the lagging time of the 
final thermometer may be different from that of the thermometer 
with which the experiments were made. It was likewise ascer¬ 
tained that the difference between the temperature of the internal 
thermometer and that of the case need not exceed 20° Fahr., and 
that a comparatively small lens and hole would suffice for obtaining 
this result. In consequence of this preliminary information, we 
have made the following additions to the instrument described in 
our last report:—(1) We have had it swung like the ordinary 
actinometers with a motion in altitude and azimuth, and with 
two moderately delicate adjusting-screws, one for azimuth and 
another for altitude adjustments. (2) We have had a thermometer 
centrically placed in the interior. The graduation of the stem 
is very delicate, and extends from 20° to 120° Fahr., the reading 
being taken from one of the sides. The bulb is of green flint, 
and the stem of colourless glass. (3) We have also had a small 
plate of quartz cut and polished and mounted so as to cover the 
hole, and to be easily removed and replaced. The object of the 
plate is to prevent irregularities arising from irregular issue of 
heated air through the hole, entrance of cooler air blown in by 
wind, &e., and the choice of material was influenced by the wish 
to permit of frequent cleaning without risk of alteration by 
scratching. We ought to mention that as it would be difficult to 
procure the loan of a good heliostat, and expensive to make, we 
resolved that in the preliminary experiments the adjustments to 
keep the sun’s image on the hole should be made by the observer. 
Hence the necessity for the adjusting-screws already described. 
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